. Interglacial stratigraphy of the northern Flinders Ranges including the Balcanoona Fm. (modified after Wallace et al., 2014) . Age of the underlying Merinjina Tillite is ~659 Ma (Fanning and Link, 2008) .
EXTENDED METHODS
Extensive fieldwork including facies mapping, stratigraphic sectioning and sample collection was undertaken at several reefal platforms in the Northern Flinders Ranges (Figures DR2) . Sampling was restricted to the Arkaroola and Oodnaminta reefal platforms on Arkaroola Wilderness Sanctuary and in the Gammon Ranges National Park. Samples were selected for geochemistry based on their preservation though petrographic and cathodoluminescent examination of several hundred thin sections and Laser Ablation ICP-MS (Hood and Wallace, 2015) . Carbonate components from a range of reef facies from peritidal redbeds to reef margin frameworks (of 2 to 1000m paleodepth) were selected for analysis. Chosen samples range between well-preserved depositional components, which retain original carbonate textures (e.g. tangential ooid cortices) through fabric-preserving dolomitisation, and poorly preserved samples that have been variously affected by Fe-oxide veining, staining, burial cementation and/or recrystallization (e.g. Figure DR3 ). Targeted components were most difficult to separate in microbial reef framework and back-reef peloidal dolomites, which had a highly variable porosity network, which was commonly cemented by late stage components (when not extensively marine cemented).
Samples were microdrilled to target the carbonate fraction of specific components and approximately 0.4g of each powder was dissolved in HCl (initial analysis in 6N HCl for several days; later analysis in 1N HCl for 1 hour, Supplementary Table DR1 ). Digests were centrifuged and the supernatant was separated. Trace elements were measured on a Themo-Finnigan Element XR ICP-MS at Yale University on splits from each digest. Prior to column chemistry, the 236 U-233 U double spike (Chen and Wasserburg, 1981; Horwitz et al., 1993; Rademacher et al., 2006; Stirling et al., 2005; Weyer et al., 2008) was added to each sample based on measured uranium concentrations to achieve 238 U/ 236 U of around 30. The spike-sample mixtures were evaporated to dryness and taken up in 3 N HNO3. Uranium was purified from samples using the UTEVA method (see methods of Wang et al., 2016 , modified from Weyer, 2008 for isotopic analysis. Purified U was dissolved in 0.75 N HNO3 with 50 ppb U concentration.
Uranium isotopes were measured at Yale University on a Themo-Finnigan Neptune Plus Multi-Collector ICP-MC at low mass resolution using a Jet sampler cone and a standard skimmer cone. Purified U solutions were introduced into the plasma by a μFlow PFA nebulizer (Elemental Scientific) at ~50 μL/min via an Apex IR sample introduction system (Elemental Scientific Table DR3 ). Given the small sample sizes, rare samples had larger internal sample errors (2 standard errors ranging from 0.06 to 0.15‰). This level of error, although larger than minimum possible values, is far less than the observed range of δ 238 U values (0.66‰).
Uranium isotope variations of samples and standards are reported as δ 238 U, which is defined as: U 1 1000 ‰ Activity ratios ( 234 U/ 238 U) are reported in Supplementary Table DR1 . In general, a 234 U/ 238 U value of one indicates that the sample is in secular equilibrium, whereas values significantly above one indicate the effects of open-system alteration (U remobilisation) in the last million years (e.g. Stirling et al., 2007; Wang et al., 2016) . Values reported here are significantly higher than one, which could be interpreted as indicating recent alteration in these samples, perhaps from groundwater flow. However, samples taken from dry riverbed outcrops (e.g. KMC, U4, Q samples) do not show systematically higher activity ratios.
Neither are limestones more altered than dolomites, which would be expected as calcite is more easily altered, dissolved and recrystallized by oxidised groundwater than dolomite. Instead, we suggest that non-complete digestions of the carbonate samples may be responsible for values higher than one, as partial leaches may fractionate 234 U, but not 238 U (Kigoshi, 1971; Stirling et al., 2007) . Significantly, uranium isotope compositions did not correlate with U concentrations (Fig. DR4) . Figure DR4 . No correlation between U concentrations and U isotope values was observed, overall, in any components or mineralogies.
Two separate digestions were carried out for samples, which were duplicated from different powders of the same components, with U isotope values listed in Supplementary Table DR4 . There is no significant difference between 1M and 6M
HCl digestions in terms of U isotopes for most duplicate samples (except Q-B and ASD-D). As different powders were required for each digestion it is possible that some variation was induced simply by the material microdrilled, and not by the digestion acid strength. In either case, the results suggest that acid strength does not effect δ 238 U significantly at these molarities of HCl and therefore we have listed all the results and in Supplementary Table DR1 and used them in the Results section of the paper. In terms of trace metals, there is no definitive relationship between stronger acids and higher detrital concentrations for every element analyzed (compared in Supplementary Table DR1 ). For Th, Zr and Fe there is generally higher concentrations in the 6M compared to the 1M HCl. However Al and Mn have variable concentrations between digestions, and U concentrations are generally higher in the weaker acid. Again, some of this variation could be attributed to different powders used for analysis. In the case of trace metal concentrations, it appears that there is some value in using a weaker acid to eliminate detrital phases from the initial digestion. 
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